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Summary
The present investigations are part of a study to
introgress downy mildew resistance in Thompson Seed-
less through breeding and in ovulo embryo rescue meth-
ods. The influence of sprays of benzyladenine (BA) at pre-
bloom and bloom on the percentage of embryo recovery,
germination and development of hybrid plants is described.
BA gave mixed results among the 8 cross combinations.
With some crosses, BA drastically improved these param-
eters. In almost all crosses, germination increased signifi-
cantly with BA sprays. The influence on plant development
and recovery depended on BA treatment and the male par-
ent.
Key words: Benzyladenine, breeding, in ovulo embryo res-
cue, Thompson Seedless, Vitis.
Introduction
Downy mildew (Plasmopara viticola Berl. et de Toni) is
one of the most devastating fungal diseases affecting grape-
vines worldwide. The control of the fungus involves the
repeated application of chemical fungicides and labour-in-
tensive viticultural practices. The use of fungicides, on a
large scale, adversely affects the environment. To combine
fruit quality of Euvitis and the disease tolerance of
Muscadine grapes intergeneric and interspecific hybridiza-
tion forms the basis of development of new, disease resist-
ant cultivars of good quality. However, success in terms of
useful cultivars is yet to be realized, mainly due to the differ-
ences in chromosome number between the two genera and
embryo abortion. In ovulo embryo rescue thus provides a
solution not only for obtaining interspecific crosses, but
also allows to use seedless vines as female parents (CAIN
et al. 1983; EMERSHAD and RAMMING 1984; GRAY et al. 1990).
The objective of the present investigations was to study
the effect of sprays of BA at pre-bloom and bloom on the
percentage of embryo recovery, embryo germination and
development of hybrid plants.
Material and Methods
Breeding work was initiated by identification of both
male and female parental plants in the germplasm maintained
at the National Research Centre for Grapes, Pune. Twenty
four vines, cv. Thompson Seedless were selected as female
plants. Eight male parental lines (seeded) showing field tol-
erance to downy mildew were selected as follows: Lake Em-
erald, Concord, Catawba (belonging to Vitis labrusca),
Frühroter Veltliner (Vitis vinifera), Seyve Villard - S.V. 18402
(Vitis spp.), Vitis tilifolia, Vitis candicans and St. George
(Vitis rupestris du Lot).
The first spray of BA (30 ppm) was given to parrot green
stage panicles, about 10 d prior to emasculation or flower-
ing, followed by the second spray of BA (30 ppm) after 7 d.
Emasculation in Thompson Seedless (female) was carried
out, followed by immediate bagging of emasculated pani-
cles and subsequent hand cross pollination using a hair
brush the next morning with the designated male pollen.
This had been collected and stored earlier for each cross
combination.
Berries from crosses were collected 40 d after pollina-
tion (Figure, A). Berries were washed with liquid soap for
10 min, then were surface sterilized with a mercuric chloride
(0.1 % w/v) solution for 10 min and were rinsed 3 times with
sterile distilled water. Ovules from the berries were asepti-
cally excised and cultured in petri dishes (15-18 ovules per
dish) containing Emershad and Ramming medium (ER)
(Figure, B) (EMERSHAD and RAMMING 1984), with sucrose (6 %)
and activated charcoal (0.3 %). The pH of the medium was
adjusted to 5.8 before autoclaving. The total number of
ovules inoculated per cross was recorded. The petri dishes
were kept under permanent diffused light (6.1 µmol m-2 s-1)
at 25 ± 2 °C for 10 weeks to allow the development of em-
bryos within the ovule. The experiment was set in a com-
pletely randomized design, replicates being either single
ovules or embryos.
After 10 weeks, the ovules were dissected aseptically
under microscope and embryos were excised from the mi-
cropylar end of the ovule. The embryos were transferred to
petri dishes containing Woody Plant Medium (WPM)
Figure: A: Immature berries. B: Ovules. C: Embryo (bar corresponds to 80 µm). D: Stages of embryo development and germination
(bar corresponds to 330 µm). E: Early stages of plantlets. F: Hybrid plant in test tube. G: Hybrid plants - stages of hardening.
(LLOYD and MCCOWN 1981), supplemented with BA (1 µM),
sucrose (1.5 %), activated charcoal (0.3 %). The medium pH
was adjusted to 5.8. Embryos were incubated at 25 ± 2 °C
under permanent fluorescent light (12.2 µmol m-2 s-1). Germi-
nated embryos, showing the first pair of leaves (Figure, E),
were transferred to test tubes (Figure, F) containing WP
medium, supplemented with BA (1 µM) and kept under simi-
lar light and temperature conditions in order to develop to
plants. After 4 weeks, the plantlets were transferred to plas-
tic cups containing a mixture of soil and sand (1:1). Initially
these cups were covered with thin and transparent poly-
thene bags (Figure, G) and kept under permanent high light
(24.4 µmol m-2 s-1) at 25 ± 2 °C for hardening. Survival of the
plants was recorded.
Results and Discussion
The results pertaining to the influence of BA on embryo
recovery, germination percentage and development of hy-
brid plants are presented in the Table.
R e c o v e r y   o f   e m b r y o s :  The ovules were mostly
hollow and sometimes endosperm was present. Embryo re-
covery significantly increased by treatment with BA in most
of the crosses. Sprays of BA enhanced the percentage of
embryo recovery by more than twofold in crosses TS x Lake
Emerald, TS x Concord, TS x V. candicans and TS x SV 18402
while the reverse was true for the other cross combinations.
Maximum embryo recovery (47.57 %) was obtained for TS x
Concord followed by TS x SV 18402 (29.75 %). Negative
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effects of BA on embryo recovery was very drastic in cross
TS x V. tilifolia. The embryos were white and glossy
(Figure, C) and situated at the micropylar end of the ovule.
All stages of the embryos ranging from globular to cot-leafed
were obtained. Pre-anthesis spray of auxins and cytokinins
have been reported to enhance seed setting in seedless
cultivars of grape (PANDEY and PANDEY 1990).
E m b r y o   g e r m i n a t i o n :  The germination
percentage of embryos obtained from treated berries was
significantly higher than that from untreated ones. In most
of the treated crosses, all the embryos germinated except in
crosses TS x Concord, TS x V. candicans and TS x SV 18402.
Only one embryo was recovered from the treated cross TS x
V. tilifolia, which germinated normally. The embryos germi-
nated within 5 d (Figure, D), although globular embryos took
a longer time or did not germinate at all. The root was a
taproot in the beginning, but later developed to an adventi-
tious root system. The hypocotyls elongated and turned
green, along with the cotyledons. In crosses TS x Concord
and TS x Catawba, some of the embryos germinated but
became contorted in shape and did not develop epicotyle
and leaves in treated lots compared to the untreated ones.
GRAY et al. (1990) also found similar results in grape em-
bryos growing on medium containing BA (1 µM). They
found that although the growth pattern of the embryos was
abnormal, BA significantly increased embryo germination.
In untreated lots, percentage of germination varied
among the crosses (Table). Out of 8 crosses, only TS x
V. candicans showed 100 % germination. In other crosses,
the percentage of germination was poor. The percentage of
germination was very poor (0.63 %) in cross TS x Frühroter
Veltliner as compared to embryo recovery (11.39 %). The
poor germination observed in general in untreated lots may
be due to the difference in genetic compatibilities between
parental germplasm as reported by GRAY et al. (1990) and/or
dormancy. Grape seeds generally exhibit dormancy which
can be broken by cold stratification (FLEMION 1937) and the
application of exogenous growth regulators like cytokinins
(GRAY and MORTENSON 1987).
D e v e l o p m e n t   o f   h y b r i d   p l a n t s :  Plantlets
of TS x SV 18402, TS x Concord and TS x Catawba showed
vigorous growth as compared to the other crosses, in both
treated and untreated lots. Development of plants was sig-
nificantly higher in BA-treated lots. For the majority of the
crosses in both treated and untreated lots, the number of
hybrid plants developed commensurated with the recovery
of embryos and the percentage of germination, hence it is
difficult to infer that sprays of BA had any separate effect in
this regard. The differences in plant development among
crosses may be associated with the male genotypes since,
treated or untreated, SV 18402, Concord and Catawba re-
sulted in a higher plant recovery. The differences between
embryo recovery, germination and plant establishment,
though interrelated to a certain extent, appear to be inde-
pendent events and may express varied responses during
culture.
From the present investigations, it is evident that sprays
at pre-bloom and bloom had a positive effect on embryo
development and recovery. Higher rates of embryo recov-
ery, germination and plant development were obtained when
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BA was sprayed. The response, however, varied between
the cross combination. A positive influence of BA on differ-
entiation and proliferation of dormant “accessory” buds
(HAZRA et al. 2001), induction of multiple shoots in embryo
axes (BANERJEE et al. in press) and in cotyledonary nodes
(AGRAWAL et al. 1997) have been reported earlier for cotton.
However, effects of other factors like genetic compatibilities
between the parental lines cannot be ruled out. Results ob-
tained may be applied in grapevine breeding programmes,
whereby a higher embryo recovery, germination and hybrid
plant development may be obtained by application of BA.
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